OFF!CE MEMORANDLEM

To:

Frem: K, A. Allemeier

MICHIGAN ) —
DEPARTMENT OF STATE HIGHWAYS

M. Rothstein
Engineer of Design

Subject: Investigation of Chemical and Physical Properties of Structural Steel.
B03 of 51021 - Cooley Bridge, M 55 over Pine River. Research
Project 73 TI~180. Research Report No. R-8%4.

* This report covers the results obtained from tensile and metallurgical evalu-

ation of samples removed from structure B03 of 51021, Cooley Bridge,
M 55 overthe Pine River in Manistee County, as requested in your memo of
October 22, 1973, -

The purpose of this investigation was to determine the yield strength of the
structural steel employed in various members of the striicture. Your let-
ter also stated a requirement that certain members must have a minimum
yield strength of 33, 000 psi, in orderto allowfull legal commercial vehicle
loads on the bridge. All members tested exceeded that minimum.

Experimental Details

Twenty-six metallurgical samples were removed from various members of
the structure. Their locations are given in Table 1.

The samples consusted of approxxmately 3/4~in. d1ameter plugs removed
from the members with a metal cuttmg hole saw pOWered by a portabie drill
press.

The samples were submitted tothe Charles C. Ka,wm Metallurg'ical Labora~-
tories for chemical analysis.

Tension samples were removed from the suggested locations by sawing with
a reciprocating saw. The samples were approximately 1 in. wide by 9 in.-
long by the thickness of the member. Sawing was initiated in all cases at
the logation where a metallurgical sample was removed in order to mini-
mize sharp nctches which could develop stress concentrations. -In no in-
stance was more than one tensionsample removed from the same member.
After removal, the memberwas cleaned and the area of removal was painted.
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The samplos werc machined to ASTM specifications for flat tensile apeci-
mens utilizing a 2-in. gage length, except thatinstead of using the full thick-
ness, all the specimens were machined to a reduced arca, 0.250 in. thick-
ness by 0.500 in. width. By doing this, it was possible, in some ecases, to
obtain twe tension specimens from onc sample. I also allowed the use of
a more sengitive testing machine due to the smaller loads required for test-
ing. Samples from which two tensile specimens were obtained, are desig-
nated "A" and "B" in Table 1.

The machined specimens were tested for yield and ultimate strength in a
20,000-1b capacity Instron machine equipped with autographicprintout. The
yield and ultimate strengths were obtained directly from the stress-strain
plot. Since all traces exhibited a definite yield point (or '"knee") in the
curve, the highest point on the knee is reported as the yield strength. The
stress at 0.2 percent strainvaried fromabout 1,000 psi higher to 2,400 psi
lower than the reported values, but in no case was below 33, 000 psi.

Results

The results of the chemical analysis and tension tests are shown in Tabf.e
- 1. A brief discussion follows:

24 by 3/8-in. Web Plates ~ There were no tension samples obtained from
these members. Chemical analysis of the metallurgical samples obtained
from the plate indicate the compom;ion to be quite similar to that of sample
No. 7 which showed a tensile strength of 55,500 psi and a yield point of
38,800 psi. Therefore, we would expect the mechanical properties of the
plate to be similar.

6 by 6 by 3/8-in. Angles - Chemical analysis showed no wide deviations
from the norm. The averageyield strength was 39,500 psi and the average
ultimate strength 59,500 psi.

31-1/2 by 7/8~in. Web Plates - There were no tension samples obtained
from these members. The mechanical properties should be similarto those
of sample No. 15 which has approximately the same chemical composition.
Sample No. 15 showed anaverage yield strength of 37,200 psi and an aver-
age ultimate strength of 63,100 psi.

6by 6 by 7/8~in. Angles - Chemical anslysis showed no wide deviations
from the norm. The average yield strength was 38,600 psi and the average
ultimate strength 64,000 psi.

30W124 Intermediate Floor Beams - Chemical analysis of samples obtained
from these members exhibited approximately 40 percent more manganese
content than the average. The average yield strength was 38,750 psi and
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the average ultimate strength 64,150 psi. As can be seen, the variation in
manganese content of these members did not seem to alter the strength
significantly. Since manganese is usually added to provide toughness, this
seems reasonable. '

30W116 End Floor Beams - The chemical composition and mechanical pro-
perties of these members are quite similar to those of the intermediate
floor beams. The average yield strength was 37,700 psi and the average
ultimate strength 63,950 psi.

21W59 Stringers - Chemical analysis of samples obtained from these mem—~
bers showed greater phosphorous content than the average. Theotetically,
increasing the phosphorous content of low carbon steels, up to a limit, in-
creases gtrength. From the results of tension tests, this was found to be
true. The average yield strengthwas 20 percent higher than the average of
other samples and the average ultimate strength showed 'a 6 percent increase.
Values for these members were 46,350 psi average yield strength and 67,400
psi average ultimate strength. T

Conclus:.ons

All categories showed mechanical properties above the requir_éd,minimum :
of 33,000 psi yield strength.

On the basis of chemical andtension tests performed, the subjéct striciure
does not require posting for load limit.

TESTING AND RESEARCH DIVISION

{‘/R_/—/’{/ . 4(’/&1'“\ Sy

Acting Engineer of Testing and Research
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TABLE 1
LOCATIONS OF SAMPLE REMOVAL AND RESULTS OF
CHEMICAL ANALYSIS AND TENSION TESTS

Chomienl Componition Mechanical Properties
Structuml | Sumple -
y Yield Ultbminte
Member No Locatlon of Sumple o Mn P q Htrongth, | Strength,
pat pat
1 ;“‘;L;{ :iw cormor aeur Guasett, out- o 4 g ge g0 0,08 - -
i nee .
g LO-L1, NW comnor near Guesetl, oW- v o 40 0,044 0,022 - -
24 by 3/8 Wob ajde plate
Plates 3 ]_i(‘)i-m:‘, !NE cornor near GuascH, out- 0. 17 0.46 0.011 ©.018 - -
side plate
4 ;&;‘:i’a pF comer near Guasott, 0= 9,17 0,44 0,011 0.020 - -

5  LO-LL, SWcomer ncar Guaselt, out- 5 g 49 0,016 0,026 40,100 65,300
side top angle
LO-L1, NW corner near Gussett, out~
6 * ' .20 0, 0.016 0.024 - --
6 by 6 by 3/8 side top angle 0.2 49 o

Angles 7 L0-L1, NE corner near Gupsett, out-

0,15 0,41 0,011 0,023 38, 800 5%, 500
side top angle

0,20 0.44 0.041 0.030 ] b ==

8 " L$-1d, Outside top angle, SE near
support :

g 1A-15, 8W noar Guasett, cutaide 0,21 0,44 0,013 0,023 -- -
plate
L4-15; NW spar Guasott, cutsids

10 * * . . 013 . 0. -- --

35-1/2 by 1/8 plate 0,24 0.61 0.013 0.018
Wab Platea

it L4~-L5, NE near (usaott, outside

plete 0,20  0.49 0,046 0.020 - -

12 LA-158, SE nonr Gussett, wutside

0,20 0,50 0,07 0,026 - -
plate

14-L5, 8W noar Uussctt, outside top A 39,700 64,700

13 0.2 0,51 0.018 0.026
angle 13 49, 300 46,108
[A~LE, NW noar Cusaoti, cutaido top
k4 0,22 0,56 0,0i8 0. - -
6 by 6 by 7/8 angle B § 0.0z
Anglon Jo  MA-UD, NE newr Gusmett, Usidofop oo A T8600 62,600
- anglo ) * b T B oar,e00 43,600
15 1A-LBy B newr Gusnolt, outlde top o 0y o 40 9,018 0,027 - -
angle
A 39,70 64,300
17 Ul, NW near support bottom flange 0.21 0.7 0. 015_ 0. 0_25 B 139,800 64, 800
20W124 18 UL, SW near support bottom flanige 0.20  0.79 0.014 0.026 - -
Intermediate '-"
A 37,700 63,600
1, bt .20 . N N ' *
Floor Beams 1%  Ul, SE near stpport hottom flange 0.2 0.78 0,013 o0.022 B 18, 000 64,000
20  Ul, NE nenr support hottom flange 0‘20 0.78 0.0:4 0.022 - -
- U0, West end, third stringer from ‘
21 aouth, lnside bottom flange near sup- 9.19 0,61 0.061 0,034 47,600 68,100
port
00, Weat ond, thizd stringer from
22 north, inside bottom flango noar syp- 9,17 6,80 0,08F 0,034 e -
21W69 port
Stringexs U0, East end, third stringer from
23  north, inside bottom flange near sup- 0.19 0.82 0,058 0,032 46,100 86, 700
port '
UG, East end, third atrioger from
24  south, inside bottom flange near sup- 0.17 0.62 0,058 0,034 - -
port
) ; A 38,900 64,300
25 0, 8 N . . B ' '
anw':im U0, SW hottom flange near suppoxt 0,20 0,78 0.014 0.024 B 136,000 64,700
E .
Floor Boams 25  UD. NE bott . . A 33,700 63,300
] N om flange near support ¢.22 0,77 0,013 0,026 B 36,300 83,500






